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Ten consecutive patients with a coronary artery fistula, 
aged 1 day to 4 years, were studied by two-dimensional 
echocardiography, pulsed Doppler ultrasound and color 
flow imaging. All patients underwent cardiac catheteriza- 
tion, and seven patients had surgical closure of the fistula. 
The origin, course and site of drainage of the coronary 
artery fistula were correctly identified prospectively by 
echocardiographic examination in all patients. Color flow 
imaging was particularly helpful in visualizing the site of 
drainage of the fistula. 
Diameters of the right and left coronary arteries at their 
origin and of the aortic root were measured from two- 
dimensional echocardiographic frames and compared with 
measurements obtained in normal children. The ratio of 
coronary artery diameter to aortic root diameter in normal 
A congenital coronary artery fistula is an uncommon cardiac 
anomaly that usually presents with a continuous murmur in 
otherwise asymptomatic children (1). Occasionally it may 
lead to congestive heart failure or bacterial endocarditis 
(1-3). If these fistulas are undetected or untreated in child- 
hood, it has been reported (1,3) that they become symptom- 
atic more frequently in adulthood because of chronic volume 
overload and myocardial ischemia. Although spontaneous 
closure occurs sporadically (4,5), elective surgical closure of 
the fistula has been the preferred mode of treatment 
(1,3,6,7). 
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children was 0.14 f 0.03 (mean + SD) for the right 
coronary artery and 0.17 f 0.03 for the left coronary 
artery. These normal ratios were greatly exceeded for 
coronary arteries feeding the fistula, and ranged from 0.68 
to 0.84 for the right coronary artery and from 0.34 to 0.52 
for the left coronary artery. 
All anatomic information needed for surgical treatment 
of coronary artery fistula was consistently obtained by 
echocardiography with color flow imaging. The fistula was 
closed from within the heart in five patients and by ligation 
from the epicardial surface in two patients. In these latter 
patients, intraoperative color flow imaging at the time of 
ligation proved to be extremely valuable in achieving com- 
plete closure. 
(J Am Co11 Cardiol1989;14:968-76) 
The actual fistula comprises the short, usually narrow 
connection or connections between the feeding coronary 
artery and the chamber or vessel of drainage. However, the 
term “coronary artery fistula” has commonly been used (1) 
and will be used in this sense to describe both the dilated 
feeding coronary artery and the actual fistulous connection. 
The diagnosis of coronary artery fistula has been made by 
cardiac catheterization and angiography with injection of 
contrast material either into the aortic root or selectively into 
the coronary arteries. More recently, diagnostic information 
has also been obtained by two-dimensional echocardiog- 
raphy complemented by pulsed Doppler ultrasound (g-lo), 
contrast echocardiography (11,12), contrast-enhanced tine 
computed tomography (13) and nuclear magnetic resonance 
imaging (14). The anatomic information needed for adequate 
diagnosis and selection of the optimal surgical approach 
includes identification of the origin, course and site of 
drainage of the coronary artery fistula (6,7). Although two- 
dimensional echocardiography and pulsed Doppler ultra- 
sound may yield this information (1$,16), in the past this has 
not consistently been possible (10,17). 
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Color flow imaging may facilitate echocardiographic eval- 
uation of a coronary artery fistula by displaying the direction 
and character of blood flow on two-dimensional images (18). 
We report our experience with echocardiography, including 
color flow imaging, in IO consecutive patients who presented 
with coronary artery fistula, and describe the value of color 
flow imaging performed intraoperatively in assessing the 
completeness of surgical closure of the fistula. 
Methods 
Study patients. In 1987 and 1988, 10 patients, aged 1 day 
to 4 years, were referred to the University of California-San 
Francisco Medical Center for evaluation and treatment of 
suspected coronary artery fistula. All patients underwent 
echocardiographic examination and cardiac catheterization. 
Seven patients had surgical closure of the fistula. 
Echocardiography. The echocardiographic examination 
included two-dimensional and pulsed Doppler studies using 
an Ultramark 8 sector scanner (Advanced Technology Lab- 
oratories) with 5 and 7.5 MHz mechanical transducers and 3 
and 5 MHz annular array transducers. Color flow imaging 
was performed with a Hewlett Packard 77020A ultrasound 
system with 5 MHz short and medium focused transducers. 
In two patients, color flow imaging was also performed 
intraoperatively. 
A variety of planes were used to image proximal and 
distal parts of the coronary arteries (19). The proximal right 
coronary artery, the left main coronary artery and the 
proximal portions of the left anterior descending and left 
circumflex arteries were visualized from parasternal short- 
axis, high parasternal sagittal and subcostal coronal views. 
The distal right coronary artery was imaged at the acute 
margin of the heart from the subcostal coronal view and in 
the posterior atrioventricular (AV) groove from the apical 
four chamber view with posterior angulation of the trans- 
ducer. The posterior descending coronary artery was visu- 
alized from parasternal short-axis, subcostal coronal and 
apical four chamber views. The left circumflex coronary 
artery was imaged in parasternal short- and long-axis and 
subcostal sagittal views. The distal left anterior descending 
coronary artery was evaluated from parasternal long- and 
short-axis and subcostal coronal views. All studies were 
recorded on 0.5 in. (I .27 cm) videotape for measurements 
and evaluation of the specific contributions of two- 
dimensional echocardiography, pulsed Doppler ultrasound 
and color flow imaging to define the origin, course and site of 
drainage of the coronary artery fistula. 
Diumeter measurements of the uortic root and the prox- 
imal coronury arteries were made with use of a Microsonics 
886 video analysis system. The diameter of the ascending 
aorta at the level of the aortic valve anulus and the diameters 
of the right and left main coronary arteries at the site of 
origin from the aortic root were measured from systolic 
two-dimensional images in parasternal long- and short-axis 
planes, respectively (Fig. I). The ratio of coronary artery 
diameter to aortic root diameter was calculated and com- 
pared with the ratio obtained from measurements in 10 
normal children and teenagers, aged 0.1 to 19 years. 
Cardiac catheterization. Cardiac catheterization, includ- 
ing an aortic root or left ventricular angiogram, was per- 
formed in all 10 patients. The diameter of the aortic root at 
the level of the aortic valve annulus and the diameters of the 
right and left coronary arteries at the site of origin from the 
aortic root were measured during systole from aortic root or 
left ventricular angiograms. The ratio of either the right or 
left main coronary artery diameter to aortic root diameter 
was calculated and compared with the ratio obtained from 
echocardiographic measurements. 
Inter- and intraobserver variability. To assess interob- 
server and intraobserver variability. all echocardiographic 
and angiographic measurements were performed indepen- 
dently by two observers. In five patients. the measurements 
were repeated by the same observer, who was unaware of 
the results of the previous measurements. Variability was 
calculated from the difference between two measurements 
and expressed as a percent of the mean of these measure- 
ments. 
Results 
Clinical data (Table 1). Seven of the IO patients were 
asymptomatic and presented with a continuous cardiac 
murmur. Two neonates were symptomatic; one (Patient 7) 
was born with severe hydrops fetalis, presumably caused by 
intrauterine supraventricular tachycardia, and the other (Pa- 
tient 3) presented shortly after birth with congestive heart 
failure from coarctation of the aorta and shunts at ductal. 
ventricular and atria1 levels. A third symptomatic patient 
(Patient IO) was 3 months old and in mild congestive heart 
failure. Moderate cardiomegaly was present on chest X-ray 
study in all symptomatic patients, and mild cardiomegaly 
was present in two asymptomatic patients. Abnormalities on 
the electrocardiogram (ECG) were seen in four patients, 
three with minor right ventricular conduction delay and one 
with left ventricular hypertrophy. In one patient (Patient 7), 
there was septal ischemia as demonstrated by ECG and 
thallium perfusion scan. 
Two-dimensional echocardiography (Table 2). The proxi- 
mal dilation of the coronary artery feeding the fistula was 
demonstrated in all IO patients. The entire course of the 
coronary artery fistula, including the site of drainage, was 
visualized in all five cases in which the left circumflex 
coronary artery was the feeding vessel and the tistula 
drained into the right atrium (Fig. 2), the mouth of the 
coronary sinus (Fig. 3) or the right ventricle. In the three 
cases in which the right coronary artery was the feeding 
vessel, the course of the coronary artery fistula was imaged 
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because the dilated right coronary artery could be seen in the 
anterior AV groove and at the acute margin of the heart. 
However, two-dimensional echocardiography did not dem- 
onstrate whether the coronary artery fistula drained from the 
posterior AV groove into the right atrium or the right 
ventricle. In both cases in which the left anterior descending 
coronary artery was the feeding vessel, neither the course 
beyond the proximal 2 cm nor the site of drainage of the 
coronary artery fistula was demonstrated by two-dimen- 
sional echocardiography. 
Pulsed Doppler ultrasound (Table 2). Pulsed Doppler 
ultrasound demonstrated disturbed flow in dilated coronary 
arteries feeding the fistula in eight patients. This flow oc- 
curred primarily in late systole and early diastole. Disturbed 
flow in the chamber into which the fistula drained was 
detected in nine patients; however, in two patients, concom- 
itant blood flow disturbances due to an atria1 or ventricular 
septal defect were present. The pulsed Doppler characteris- 
tics of the flow disturbance caused by the coronary artery 
fistula were dependent on the exact sampling site within the 
chamber of drainage. At sites relatively remote from the site 
of drainage, flow was disturbed and of low velocity, whereas 
at sites very close to the site of drainage, flow was disturbed 
and occurred mainly in late systole and early diastole and at 
velocities that were >3 m/s in several patients. 
Color flow imaging (Table 2). Color flow imaging readily 
demonstrated the site of drainage in all 10 patients and 
disturbed flow anywhere along the course of the coronary 
artery fistula in 9 patients (Fig. 4 to 6). In the two patients 
with additional anomalies (Patients 2 and 3), it clearly 
differentiated flow disturbances caused by an atria1 or ven- 
tricular septal defect (Fig. 7) from the disturbed flow at the 
site of drainage of the coronary artery fistula. 
Coronary artery measurements (Table 2). The diameter of 
the proximal coronary arteries feeding the fistula greatly 
exceeded the diameter of the nonfeeding coronary arteries 
in all cases. The ratio of the proximal right or left corona- 
ry artery diameter to the aortic root diameter is reported 
(20,21) to be a measure of coronary artery size that is 
independent of age and body size, allowing the comparison 
of coronary artery size in children of different ages. In 
normal children, we found this ratio to be 0.14 -+ 0.03 (mean 
+ SD) for the right and 0.17 k 0.03 for the left coronary 
artery. In our 10 patients, this ratio was 1.5 to 4 times greater 
than normal for proximal coronary arteries feeding the fistula 
and ranged from 0.68 to 0.84 for the right and from 0.34 to 
0.52 for the left coronary artery. Figure 8 demonstrates the 
distinct separation between ratios found in normal coronary 
arteries and those found in coronary arteries feeding the 
fistula. The ratios observed in the nonfeeding coronary 
arteries of patients with a coronary artery fistula were within 
normal limits in all but two patients. In both of these 
patients, the ratios were just above upper limits of normal, 
but ventricular hypertrophy of the ventricle supplied by the 
Figure 1. Measurements of diameters of the aortic root and the 
proximal coronary arteries. Top, The diameter of the aortic root 
(Ao) is measured at the level of the hingepoints of the aortic valve 
leaflets (arrowheads) in a systolic parasternal long-axis frame. Bot- 
tom, The diameters of the proximal coronary arteries (arrowheads) 
are measured in a parasternal short-axis frame. A normal-sized left 
coronary artery (LCA) and a dilated right coronary artery (RCA) are 
shown. A = anterior; I = inferior; L = left; LA = left atrium; LV = 
left ventricle; P = posterior; R = right; S = superior. 
nonfeeding coronary artery was present. Echocardiographic 
measurements correlated well with angiographic measure- 
ments (y = 0.002 + 0.99x; SE = 0.019, r = 0.99). Interob- 
server variability for both angiographic and echocardio- 
graphic measurements and intraobserver variability for 
echocardiographic measurements were <2%. 
Cardiac catheterization (Table 1). Seven patients had a 
small left to right shunt with a pulmonary to systemic 
(Qp:Qs) flow ratio between 1.1: 1 and 1.8: I, one patient had 
a moderately large shunt, one patient had no shunt measured 
by oximetry and in one patient the total shunt could not be 
calculated because pulmonary artery oxygen saturation was 
not measured. The origin, course and site of drainage of the 
coronary artery fistula were seen on aortic root or left 
ventricular angiograms and the findings were in agreement 
with the echocardiographic diagnosis in all 10 patients. 
Surgery. To date, seven patients have undergone surgi- 
cal closure of the coronary artery fistula; the three remaining 
patients are awaiting surgery. In the five patients whose 
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Table 1. Clinical, Roentgenologic, Electrocardiographic and Catheterization Data in 10 Patients With Coronary Artery Fistula 
Patient 
I 
Patient 
2 
Patient 
3 
Patient 
4 
Patient 
5 
Patient 
6 
Patient 
7 
Patient 
8 
Patient 
9 
Patient 
10 
Age symptoms noted 48 mo 1 mo I day 6mo 48 mo 36 mo 
Clinical presentation Murmur Murmur CHF Murmur Murmur Murmur 
Chest X-ray study 
Cardiomegaty 
Pulmonary edema 
Electrocardiogram 
RVCD 
LVH 
Myocardial ischemia 
Cardiac 
catheterization 
LVEDP (mm Hg) 
RVEDP (mm Hg) 
PAP (mm Hg) 
QplQs 
Fistula course 
Additional anomalies 
t 
_ 
_ + 
_ _ 
+ 
_ 
t _ _ 
_ _ 
6 8 
2 1 
20/10 25112 
1.0.1 IS.1 
LCx-RA LAD+RV 
IO 7 4 
4 5 3 
20110 27110 2419 
1.8.1 l.3:l l.3:l 
RCA-+RV LCx+RA LCx+RA 
_ VSD 
(small) 
I4 
I4 
NE 
NE 
RCA+RA 
VSD. ASD, 
PDA, 
CoArc 
_ _ 
5 mo 10 mo 
Murmur Murmur 
3 mo 
Murmur, 
CHF 
Fetal hydrops 
t 
t 
_ _ t 
_ _ _ 
t 
t 
13 
8 
45/lO 
l.2:l 
LCX-KS 
SVT, RVH, 
LVH 
10 1 10 
8 5 9 
1715 2300 60135 
l.l:l l.l:l 2.6:l 
LAD-+RV LCx+RV RCA-+RV 
ASD = atrial septal defect; CHF = congestive heart failure; CoArc = coarctation of the aorta; CS = coronary sinus; LAD = left anterior descending coronary 
artery; LCx = left circumflex coronary artery; LVEDP = left ventricular end-diastolic pressure; LVH = left ventricular hypertrophy; NE = not entered; PAP 
= pulmonary artery pressure; PDA = patent ductus arteriosus; Qp/Qs = ratio of pulmonary to systemic blood flow; RA = right atrium; RCA = right coronary 
artery; RV = right ventricle; RVCD = right ventricular conduction delay; RVEDP = right ventricular end-diastolic pressure; RVH = right ventricular 
hypertrophy; SVT = supraventricular tachycardia; VSD = ventricular septal defect; - = absent; t = present. 
Table 2. Echocardiographic Findings in 10 Patients With Coronary Artery Fistula 
Patient Patient Patient Patient Patient 
1 2 3 4 5 
Patient 
6 
Patient 
7 
Patient 
8 
Patient 
9 
Patient 
IO 
Two-dimensional echocardiography 
Dilated proximal LMCA 
Dilated proximal RCA 
Course visualized 
Site of drainage visualized 
Pulsed Doppler ultrasound 
Disturbed flow in CA 
Disturbed flow site of drainage 
Measurements by 
echocardiography 
Proximal RCA (cm) 
Proximal LMCA (cm) 
RCA/A0 ratio 
LMCAIAo ratio 
Measurements by angiography 
RCA/A0 ratio 
LMCA/Ao ratio 
Color flow imaging 
Course visualized 
Site of drainage visualized 
t 
_ 
t 
ww 
t 
_ 
_ 
_ 
_ 
t 
t 
_ 
t 
t 
_ 
t 
_ 
t 
+(RA) 
t t* 
_ _ 
t t 
+(W WS) 
t 
_ 
t 
_ 
t 
WW 
_ 
t 
t 
- t t t t t t 
-ww +W) +@A RV) +(RV) +(RA) +mv HW 
_ t t 
+(RV) WV 
0.30 0.24 0.71 0.90 0.29 0.30 0.15 0.18 0.14 0.79 
0.91 0.60 0.20 0.24 0.82 0.95 0.45 0.39 0.65 0.25 
0.14 0.17 0.84 0.70 0.17 0.15 0.20 0.16 0.11 0.68 
0.44 0.43 0.24 0.19 0.51 0.48 0.59 0.34 0.52 0.22 
0.14 
0.45 
0.15 
0.44 
_ 
t 
0.80 
0.24 
t 
t 
t 
t 
0.73 
0.19 
t 
t 
0.16 0.15 0.19 0.16 0.13 
0.47 0.48 0.58 0.35 0.54 
0.69 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
*Separate origin of normal-sized let? anterior descending and left circumflex coronary arteries. CA = coronary artery; LMCA = left main coronary artery; 
LMCA/Ao = ratio of left main coronary artery diameter to aortic root diameter; RCA/A0 = ratio of right coronary artery diameter to aortic root diameter; other 
abbreviations as in Table I. 
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coronary artery fistula drained into the right atrium or the 
mouth of the coronary sinus, the fistula was closed from 
within the heart on cardiopulmonary bypass with use of the 
mattress suture technique and Teflon felt patches to ensure 
closure against a pressure gradient. In two patients, the 
feeding coronary artery was ligated from the epicardial 
surface; in one of them (Patient 8) the fistula originated from 
the distal left anterior descending coronary artery and 
drained into the right ventricle near the apex of the heart. 
Color flow imaging performed intraoperatively demonstrated 
complete disappearance of the shunt after ligation (Fig. 9). In 
the other patient (Patient lo), the fistula originated from the 
right coronary artery in the posterior AV groove and drained 
in a fenestrated fashion into the right ventricle. In this 
patient, the epicardial approach was selected because the 
site of drainage in the right ventricle behind the posterior 
leaflet of the tricuspid valve would have made intracardiac 
closure difficult. After the base of the fistula was closed with 
pledgeted horizontal mattress sutures, intraoperative color 
flow imaging showed a residual shunt. Thus, the dilated right 
coronary artery was ligated just proximal and distal to the 
fistula between the acute marginal and posterior descending 
coronary arteries, with complete disappearance of the shunt 
as demonstrated by color flow imaging. The postoperative 
course was complicated by global ischemia and left ventric- 
ular dysfunction, which completely resolved after 36 h. A 
small area of myocardial infarction in the posterior right 
ventricular wall was demonstrated by ECG and radiolabeled 
phosphate scan. 
Figure 2. Patient 5. Subcostal coronal view (S C Cot-) of a coronary 
artery fistula (CAF) with a proximal branch of the left circumflex 
coronary artery (LCx) as the feeding vessel and drainage into the 
right atrium (RA). A, The dilated left coronary artery (LCA) arises 
from the aorta (Ao). B, Slight posterior angulation of the transducer 
shows the coronary artery fistula to make an acute angle (arrow- 
heads) with the more proximal portion. C, More posterior angulation 
of the transducer displays the coronary artery fistula posterior to the 
aorta (arrowheads). An aneurysmal dilation of the coronary artery 
fistula (*) and the fistulous connection with the right atrium (white 
arrow) are demonstrated. D, Selective left coronary artery angio- 
gram in anteroposterior projection. The visualization of the dilated 
feeding coronary artery and site of drainage of the coronary artery 
fistula compare well with the imaging in the echocardiographic 
frames. LAD = left anterior descending coronary artery; other 
abbreviations as in Figure 1. 
Discussion 
Echocardiography. The noninvasive diagnosis of the or- 
igin, course and site of drainage of the coronary artery tistula 
was consistently possible with combined two-dimensional 
echocardiography, color flow imaging and pulsed Doppler 
ultrasound. Two-dimensional echocardiography allowed ex- 
cellent qualitative and quantitative evaluation of the proxi- 
mal coronary arteries. In our experience, the ratio of coro- 
nary artery diameter to aortic root diameter provided a 
reliable index to define coronary artery dilation and substan- 
tiated the subjective impression of dilation. The comp!ete 
course of the coronary artery fistula was visualized by 
two-dimensional echocardiography when either the left cir- 
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Figure 3. Patient 7. Coronary artery fistula (CAF) with the left 
circumflex coronary artery as the feeding vessel and drainage into 
the mouth of the coronary sinus. Top, Parasternal short-axis view 
(P S Ax) showing the separate origin of the normal-sized left anterior 
descending coronary artery (LAD) (closed arrow) and the dilated left 
circumflex coronary artery (open arrow). Middle, Subcostal sagittal 
view (S C Sag) showing the coronary artery fistula (CAF) in a 
posterior course typical for the normal course of the left circumflex 
coronary artery. Bottom, Subcostal coronal view (S C Cor) with 
posterior angulation of the transducer shows the coronary artery 
fistula (CAF) in the left posterior atrioventricular groove. The 
double contour in the mouth of the coronary sinus is the fistulous 
connection. Abbreviations as in Figure I. 
cumflex or the right coronary artery was the feeding vessel. 
However, the course of the fistula was not visualized by 
two-dimensional echocardiography when the left anterior 
descending coronary artery was the feeding vessel, and the 
site of drainage was only imaged in 5 of the IO patients. The 
latter limitation of two-dimensional echocardiography has 
also been reported by others (10,171. We found the site of 
drainage particularly difficult to visualize when it was lo- 
cated in the posterior AV groove or near the apex of the right 
ventricle. 
Pulsed Doppler ultrasound was capable of detecting 
disturbedflow at the site of drainage in nine patients, but in 
two of the nine, pulsed Doppler ultrasound findings may 
have resulted from additional anomalies that were present in 
close spatial relation to the site of drainage of the fistula. It 
has also been reported that flow disturbance caused by a 
coronary artery fistula is difficult to detect by pulsed Doppler 
ultrasound when it is small or very localized (10,22). 
These dificulties were readily overcome with colorjlow 
imaging, which proved to be an important addition to the 
conventional echocardiographic examination because it pre- 
cisely located the site of drainage of the coronary artery 
fistula, facilitated the delineation of the course of the dilated 
coronary artery feeding the fistula and provided unequivocal 
differentiation of the fistula from other anomalies. Further- 
more, our intraoperative experience with color flow imaging 
confirmed the ease with which even small shunts can be 
detected. This is an extremely important characteristic of 
color flow imaging performed during surgical ligation be- 
cause often there are multiple fistulous connections between 
the feeding coronary artery and the chamber of drainage. 
The value of color flow imaging in the demonstration of the 
site of drainage of a coronary artery fistula, especially in 
listulas with small shunts, has also been described in two 
recent case reports (22,23) on three patients. 
Diagnostic and surgical implications. The importance of 
imaging the origin and the entire course of the dilated feeding 
coronary artery as well as the site of drainage is twofold. 
First, it enables differentiation of coronary artery dilation 
due to coronary artery fistula from congenital or acquired 
forms of coronary artery dilation such as that seen in the 
right coronary artery when pulmonary origin of the left 
coronary artery is present (24) or in Kawasaki disease. 
Second, it provides important information for determining 
the surgical approach to closure of the coronary artery 
fistula. This approach is mainly determined by the extent of 
myocardial blood flow supplied by the feeding coronary 
artery beyond the origin of the fistulous connection and by 
the accessibility of the site of drainage from inside the heart. 
If the fistula originates from a distal portion of the feeding 
coronary artery, that artery may be most safely approached 
from the epicardial surface without significantly jeopardizing 
myocardial blood flow. A more proximal origin of the fistuia 
will usually require closure from inside the heart or rarely, in 
the case of a very dilated coronary artery, from inside the 
coronary artery (7). The surgical approach may be modified 
when access to the site of drainage appears difficult from 
inside the heart. 
Three patients had a fistula that originated from a branch 
of the left coronary artery and drained at the junction of the 
right atrium and the superior vena cava. The course of this 
fistula appeared similar to and required differentiation from a 
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Figure 4. Patient 4. Color flow imaging of coronary artery fistula (CAF) 
with the right coronary artery as the feeding vessel and drainage into 
the right ventricle (RV). Top, An apical view with anterior and sagittal 
angulation of the transducer shows the dilated right coronary artery 
and the normal-sized left coronary artery (not labeled) arising from the 
aorta (Ao). Flow toward the transducer (red) in the proximal right 
coronary artery and flow away from the transducer (blue) in the 
coronary artery fistula (CAF) running in the right anterior atrioventric- 
ular groove are demonstrated. Middle, Posterior angulation of the 
transducer shows disturbed flow in the coronary artery fistula (CAF) at 
the acute margin of the heart. Bottom, More posterior angulation 
demonstrates disturbed flow in the coronary artery fistula (CAF) in the 
right posterior atrioventricular groove and through the fistulous con- 
nection (FC) into the right ventricle (RV). Abbreviations as in Figure 1. 
Figure 5. Patient 7. Color flow imaging of coronary artery fistula 
(CAF) with the left circumflex coronary artery as the feeding vessel 
and drainage into the mouth of the coronary sinus (CS). From both 
parasternal short-axis (top) and apical four chamber (bottom) views, 
disturbed flow is seen in the coronary artery fistula in the left 
posterior atrioventricular groove with drainage into the coronary 
sinus (CS). The bottom frame should be compared with the bottom 
frame in Figure 3. LVOT = left ventricular outflow tract; RA = right 
atrium; RVOT = right ventricular outflow tract; other abbreviations 
as in Figure 1. 
condition referred to as congenital aortico-right atria1 com- 
munication (25). The diagnosis of coronary artery fistula in 
these patients was made based on the identification of 
normal-sized coronary artery branches arising from the 
dilated structure. The course of the feeding coronary artery 
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Figure 6. Upper left panel. Patient 5. Color flow imaging (subcostal 
coronal view) of coronary artery fistula (CAF) with a branch of the left 
circumflex coronary artery as the feeding vessel and drainage into the 
right atrium (RA) at the junction with the superior vena cava. Flow is 
seen in the feeding coronary artery and the aneurysmal dilation (*). 
Flow is disturbed at the site of the fistulous connection (arrow) with the 
right atrium. This color flow image frame should be compared with C 
in Figure 2. Other abbreviations as in Figure I. 
Figure 8. Lower left panel. Illustration of the ratio of coronary artery 
diameter to aortic root diameter (CA/A0 ratio) obtained from I7 normal 
right coronary arteries (RCA) (open squares), 3 right coronary arteries 
feeding a coronary artery fistula (closed squares), 13 normal left 
coronary arteries (LCA) (open circles) and 7 left coronary arteries 
feeding a coronary artery fistula (open circles). A distinct separation 
between ratios for normal coronary arteries and coronary arteries 
feeding coronary artery fistulas is demonstrated. 
Figure 7. Upper right panels. Patient 2. Apical four chamber view. 
Color flow imaging at different intervals in the cardiac cycle dem- 
onstrates the difference in direction of disturbed blood flow created 
by the coronary artery fistula (left panel taken in diastole) (arrow) 
near the apex of the right ventricle (RV) and by a midmuscular 
ventricular septal defect (VSD) (right panel taken in systole). 
Abbreviations as in Figure I. 
Figure 9. Lower right panels. Patient 8. Intraoperative color flow 
imaging showing a coronary artery fistula with the left anterior 
descending coronary artery as the feeding vessel and drainage near 
the apex of the right ventricle (RV). In the left panel, color flow 
imaging from an apical four chamber view shows the flow from an 
apical fistula before ligation. Right panel, After ligation from the 
epicardial surface, there is complete disappearance of the shunt. 
Abbreviations as in Figure I. 
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in these cases may suggest that the sinus node branch, which 
originates from the proximal left circumflex coronary artery 
in 41% of normal subjects (26), was involved in the fistula. In 
one other instance, we visualized the separate origin of a 
normal-sized left anterior descending coronary artery and a 
dilated left circumflex coronary artery (Fig. 3). In this 
patient, the absence of a normal-sized left circumflex coro- 
nary artery favored the diagnosis of a coronary artery fistula 
over an aortico-right atria1 communication. 
Conclusions. Our study demonstrates that all anatomic 
information regarding the origin, course and site of drainage 
of coronary artery fistula that is required for adequate 
diagnosis and planning of surgical treatment can be obtained 
from a comprehensive echocardiographic examination that 
includes color flow imaging. Color flow imaging performed 
intraoperatively may aid in assessing the completeness of 
surgical closure of the fistula. Further experience will deter- 
mine whether echocardiography can replace cardiac cathe- 
terization and angiography as the preferred diagnostic mo- 
dality for the evaluation of coronary artery fistula. 
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